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ABSTRACT 
 
Design for Waste Reduction and Efficiency Improvement for the Construction Usage of 
the Tower Crane 
 
George Merida and Roman Richard 
 
Webcor Concrete Group’s on-site tower crane is currently experiencing unknown 
forms of inefficiency. The project team used the DMAIC methodology to implement 
Define, Measure, Analyze, Improve, and Control in order to guide and structure the 
project. After the project team formulated a problem statement, observations were 
collected of tower crane deliveries resulting in 470 individual data points. The data was 
then analyzed using basic statistics, histograms, and lean manufacturing tools in order to 
identify wastes and inefficiencies. Once the wastes and inefficiencies were identified, 
root cause analysis was performed. The identified root causes were then used as the basis 
for improving the current state of the project with design alternatives. Many designs were 
considered but only 3 were developed to the point where they could be tested. These 
designs were 5D BIM modeling, the allocation of additional resources in the form of 
additional carpenters, and kanban spaces with 6s designed to streamline the material 
delivery process of the tower crane. The three designs were tested using a simulation 
model producing varying levels of improvement to the 10 day cycle. An economic 
justification was conducted which showed that kanban spaces was most cost effective. 
Using the information that the project team learned analyzing and testing the designs 
along with criteria defined by Webcor, a multi-criteria decision analysis matrix was 
created to determine the most appropriate design when taking into account Webcor’s 
priorities. The matrix found kanban spaces to be the best design with do nothing being 
the next best alternative. Through simulation of the kanban spaces, throughput was 
increased by 8%. It is the formal recommendation of the project team to further pursue 
the design solution of kanban spaces as it is cost effective keeps Webcor’s highest 
priorities in mind, and eliminates waste identified in the tower crane’s operations.  
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Chapter 1: INTRODUCTION 
This report will describe and discuss the methodology, analysis, and recommendations 
for improving Webcor Concrete Group’s efficiency of their tower crane. In addition, lean tools 
will be used to identify construction site waste during the construction process in respect to the 
tower crane. The report will address the problem identified based on the observations made by 
Webcor Concrete Group, prior to the study conducted by the team. Webcor Concrete Group is 
currently experiencing inefficiencies in the usage of their tower cranes for their commercial 
high-rise construction sites. The tower crane is an essential piece of equipment in construction 
that allows operators and workers access to high elevations to perform maintenance or 
construction.  
In its current state, unknown causes are producing a suboptimal tower crane operation 
during the construction process. In the initial stage of this project, Webcor Concrete Group has 
expressed possible forms of inefficiency as shown in Table 1. 
 
Table 1:  Possible Forms of Tower Crane Inefficiency 
1. Instances where the tower crane is in the process of delivering material, either by an 
informal push method or by a formal scheduling system, and the material is delayed 
or not delivered at all 
2. Instances when it is necessary or urgent for materials to be delivered when not 
specifically scheduled or planned 
3. Instances when material is absent from the crane hook and there is lack of material 
flow 
 
It is the task of the industrial engineering team to verify if the listed forms of inefficiency 
are true and if it is not, identify what other possible forms of inefficiency exist as well as their 
root cause.  The team must also identify any type of waste that is created as a result of the current 
tower crane process. This presents the opportunity to design a system or process that would focus 
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on waste reduction and improving crane effectiveness. With this project, the design team hopes 
to produce a solution that provides value to Webcor Concrete group by the reduction of cost. 
The team's objective will be accomplished using the DMAIC engineering process. A 
direct time study will be the primary method for collecting data to find the tower cranes current 
utilization, productivity, and efficiency. This data would be directed in defining a work sample in 
order to determine the proportion of time spent by the tower crane in various categories during 
the tower crane operation. Under the assumption that the team’s design will not be implemented, 
a simulation program will be utilized to simulate what the results of implementing the design 
team’s solution would produce, and draw industry and economic conclusions from the results. 
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Chapter 2: BACKGROUND 
As previously discussed, the design team had the privilege of working in collaboration 
with Webcor Concrete Group. The Webcor Concrete Group is a subcontracting construction firm 
that focuses on concrete pouring for construction sites. They also coordinate and regulate the use 
of the construction tower crane during the entire construction process. For this project, the 
industrial engineering team performed their study on a site located in Downtown Los Angeles, 
designated as the South Park site. At this site in particular, Webcor is using the Liebherr 550 EC-
H 220 tower crane. 
Throughout this report, specific terms will be used to describe parts of the crane and 
equipment used with it. Figure 1 illustrates the names to different parts of the tower crane. The 
hook and jib will be referenced throughout the study due to the nature of the utility of these parts 
throughout the construction process. Figure 2 showcases the crane lifting slings that are 
implemented and attached to various pieces of materials in order to be loaded or rigged onto the 
crane’s hook. This allows for the crane to safely deliver material throughout the construction site. 
Although a majority of material requires the need for lifting slings to be attached, reinforcing bar 
in particular, not all pieces of material require it. 
During the construction process, different cycle times are used to dictate the turnover and 
completion of decks or floors in the structure being constructed. Depending on the type of deck 
and square footage, a specified cycle time is chosen to provide enough time to meet the 
requirements of the construction schedule. Due to the nature of the size and type of the decks in 
the initial phase of construction, this entire study was completed during the use of a 10-day cycle 
for the South Park site.  
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Figure 1 Tower Crane 
Many parts and equipment of the tower crane are label to help describe and define terminology used. 
 
It should be noted that a 10-day cycle is not typical and is only used in large square 
footage decks with other non-typical items. Currently, informal use of the tower crane without a 
scheduling system is used. Priority is given to the delivery of steel reinforcing bar due the initial 
stage requiring a large-scale amount. Delivery of other materials is made by request to the crane 
operator to confirm the tower cranes availability. As work crews become more efficient and the 
construction process proceeds to a typical deck that are smaller in square footage, cycle time will 
decrease to a typical 6-day cycle time. Changes in this phase will be the most impactful since the 
6-day cycle time reduces any float time and requires more precision in operation. 
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Figure 2: Crane Lifting Slings 
These are implemented and attached to various pieces of material to load or rig items to the crane hook. 
 
Literature Reviews 
In order to progress any further into this problem and understand the background, 
research was done through a literature review. It was important to consider any type of 
background information of tower cranes in general. In high-rise and large design construction 
projects, the tower crane is an essential piece of equipment. [10] The type of tower crane varies 
depending on the type of building. [10] The project site that we will be studying is a concrete 
building that will require tower cranes with higher line speed and lower capacity in order to 
complete 3 day per-floor completion time. [10] In modern cranes, anti-collision systems and 
embedded cameras contribute to operator safety and visibility [10].  
There are many factors to consider when trying to improve tower crane efficiency. This 
can take the form of improper time allocation in predicting hoist time estimation. Hoist time 
estimation can vary with variation in hoisting height. [13]. Therefore, it is not unusual for 
“hoisting schedules to be reviewed and adjusted in regular site meeting” [13]. With hoisting time 
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variation taken into consideration, the team must be aware of a multivariable environment that 
could create challenges when defining accurate hoisting times. [13]. Large amounts of data are 
needed in order to identify factors affecting hoisting times. However once these factors are 
identified, an artificial neural network and multiple regression analysis can compare and analyze 
any predictive behavior. [7]. However, developing something this complex requires more time 
and a sizeable set of data, factors that the design team is constrained by. 
Inefficiency can mean many things but by considering developing a motion planning 
algorithm or linear model that optimizes safety and travel path may lead to improved efficiency. 
[14] Mixed integer linear programming is a tool that may assist in choosing the optimal location 
for the tower crane in the construction site. Perhaps developing a dynamic linear programming 
model can be a viable design that the project team may consider [5].  Certain data will be needed 
to solve for efficiency of the tower crane. The use of time studies will be the most prominent 
method for developing this metric [6]. Perhaps a different route is necessary to improve 
efficiency. External factors such as having a detailed BIM model maybe the limiting factor that 
will help dictate the optimal location for where to place the tower crane [5].  
Lean methodology in a construction site is a new format for lean to be implemented. 
More and more construction firms are beginning to integrate lean and just in time philosophy in 
to the construction industry. In order to focus on waste identification and handle situations where 
the crane is the bottleneck in the system, a forecasting system that can predict demand for the 
crane could help increase productivity. [2] Just-in-Time is a method that focuses on a pull 
method for material. Applying it in construction may reduce or eliminate waste and produce the 
maximum value for the customer [11]. This can be done by finding the similarities between 
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construction to manufacturing in order to implement 5s and JIT. The resulting benefits can lead 
to improvement in quality and productivity without requiring additional resource [8] 
The article titled Project management maturity and project management success in the 
engineering and construction industries in Southern Africa talks about the impacts of various 
levels of project management on project success [12].  The article approaches the problem in a 
systematic engineering approach and many of the success criteria are closely related to Industrial 
Engineering curriculum.  Additionally, the majority of the projects in the study were in the 
construction and engineering sectors.  The article found that the higher the project maturity level, 
the more successful the project.  This is relevant to the team’s project as possible design 
solutions might increase project maturity. 
The article titled Study of 6s Concept and its Effect on Industry takes a deeper look into 
6S and its effects on industry [3].  6S is the same as 5S but with adding the extra “S” of Safety.  
Webcor values safety very highly, and the project team was looking into Industrial Engineering 
tools to apply to the construction industry making this article very relevant to us.  6S targets to 
achieve key performance indicators such as “reduced wastage, reduced defects, increase 
productivity, less making accidents, improve workers/employees morale for work with 
organization etc.”  Many of these KPIs are metrics that Webcor has expressed interest in 
themselves.  6S also looks to result in a positive environmental impact as well as provide a more 
consistent workplace. 
The article titled Project risk management in the Queensland engineering construction 
industry: a survey provides the results of a survey in the engineering construction industry 
pertaining to the use of risk management techniques [9].  The article provides insight into how 
senior management in the industry assess risk.  This is important to the project team as it is 
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important to understand how the industry assesses risk and keep that in mind for the purposes of 
project. 
The article titled Performance Measurement in Construction talks about the main ways 
that the construction industry measures the performance of construction projects [1].  The article 
went into the details of performance measurement and strategic management as well as 
addressing gaps in knowledge in the industry.  The project team is constantly trying to cross 
reference key performance indicators learned in the curriculum to the key performance indicators 
used in the construction industry. 
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Chapter 3: DESIGN 
For the design process, the project team used the Define, Measure, Analyze, 
Improve, and Control (DMAIC) methodology to structure and guide the team in an 
organized and effective manner.  DMAIC is a data driven quality strategy used to 
improve processes (Table 2). It is an integral part of a Six Sigma initiative, but in general 
can be implemented as a standalone quality improvement procedure or as part of other 
process improvement initiatives such as lean. With the assumption that the team's 
solution will not be implemented, only Define through Improve will be completed. 
 
Table 2: DMAIC Methodology 2 
 
 
Define 
The primary stakeholders in this project are Webcor Concrete Group, which 
reached out to the Cal Poly Industrial Engineering department. According to Webcor, 
their original project statement stated, “efficiency is key in maximizing profits within the 
construction industry. Beyond labor, the use of the crane and manlift often presents 
bottlenecks which can dramatically impact productivity. A study is needed to identify the 
efficiency of both the jobsite Crane and Man lift. The study needs to identify the 
percentage of time that the equipment is in use, the causes for downtime, when operations 
Define
• Define the 
project goals 
and customer 
(internal and 
external) 
deliverables.
Measure
• Measure the 
process to 
determine 
current 
performance; 
quantify the 
problem.
Analyze
• Analyze and 
determine the 
root cause(s) 
of the 
inefficiencies
Improve
• Improve the 
process by 
eliminating 
waste
Control
• Control future 
process 
performance
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change from planned operations and what the cause/impact is, and identify waste in the 
operations that can be improved upon. Work will include interacting with project 
management, foreman, field labor, and crane/man lift operators. Sound statistical results 
will need to be established in the ambiguous and sometime chaotic environment of a 
commercial construction operation.” 
In order to define the problem statement, scope, and objectives for this project, the 
team discussed with Webcor what information would be needed in order to complete the 
define stage of the project. The Project Director, Performance Excellence Manager, and 
South Parks Construction Manager, clarified many of the team’s questions and 
uncertainty. The scope was limited to only focus on the activities of the tower crane as 
well as any work crews involved with working with the tower crane.  With that said the 
design team created a process flow chart in order make any noticeable observations and 
details that can be used to define the problem that can be seen in Appendix A: Process 
Flow Chart. 
In its current state, the tower crane is being utilized inefficiently with unknown 
causes for these inefficiencies. It is the team’s objective to identify the root cause for 
inefficiencies and any form of waste and bottlenecks found throughout the process. In 
addition, the team will establish metrics and key performance indicators to measure any 
type of improvement in the process. 
 
Measure 
After performing initial site visits to observe the tower crane material delivery 
process, the team established a process flow chart in order to develop a method for 
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collecting data. A direct time study was used to record the type of material delivered, the 
operation performed by the crane, the movement and location of the tower crane, and the 
time interval. The tower crane had 7 distinct and subjectively defined operations listed in 
Table 3. The data was collected over a course of 6 different site visits to the South Park 
construction site, with a collection of 116 unique tower crane delivery data points. 
 
Table 3: Definition of Crane Operations 
 
 
 With the data collected, the team was able to develop a work sampling study in 
order to expose the percent of occurrences for each tower crane operation as well as the 
•Tower cranes movement towards a location where a piece of material that needs 
to be delivered
Position Crane to Load
•Cranes jib stops moving and the ground crew begin attaching the lift slings onto 
the hook
2.Rig Material to Crane
•Material begins moving to the delivery location and the material is lowered onto 
a solid surface
3.Move Material
•The crane jib, trolley, and hook stop moving and the crane allows the ground 
crew to unload the material from the hook
4.Unrig Material from Crane
•Tower crane is used to hold a piece of material in place or lift a piece of material 
slightly off the ground to allow riggers to do additional processing
5.Support
•Whenever the tower crane is not moving what so ever, and does not have any 
material attached to the hook
6.Idle
•Any other tasks or operations 
7.Miscellaneous
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occurrences for the movement and positioning of the tower crane. A total of 470 
observations were made and measurements are shown in Table 4.  
 
Table 4: Crane Operation, Position, and Movement Measurements 
Operation N P (%) +A (%) 
Position Crane to Load 105 22.34 4 
Rig Material to Crane 106 22.55 4 
Move Material 100 21.28 4 
Unrig Material from Crane 109 21.19 4 
Idle 25 5.32 2 
Support 22 4.68 2 
Miscellaneous 3 0.64 1 
 
 In the work sampling, “N” is the total number of observations made during the 
study. “P” represents the percentage of occurrences observed during the entire study. “A” 
represents the accuracy of the calculated amount for “P” and provides the tolerance. The 
current state work sample reveals that during the entire study, only Idle, Support, and 
Miscellaneous makes up what the design team, considers to be a small percentage of the 
overall process. However, this may not be the case in Webcor’s perspective. It should 
also be noted that in no way shape or form does this percentage expose the impact it may 
have in respect to time of the overall process. 
 The collected data allowed the team to develop capacity measurements for the 
current state of the tower crane. Capacity measurements can then be used to development 
key performance indicators and quantifiable metrics shown in the table below. With 
regards to the current system available work hours can be seen in Table 5; throughput 
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can be seen in Table 6; selected operation times can be seen in Table 7. These 
measurements are based off of the raw data collected in the study, and was not compared 
to any historical data. 
 
Table 5: Available Work Hours 
 Hours/day Minutes/day H:MM:SS 
Work Hours 8 480 8:00:00 
Breaks 0.80 50 0:50:00 
Available Work Hours 7.20 432 7:12:00 
Idle Time 1.81 108 1:49:00 
Actual Work Hours 5.39 323 5:23:00 
 
Table 6: Throughput 
 Units/day 
Available  77 
Actual  49 
 
Table 7: Operation Times 
 Hours/Unit Minutes/Unit H:MM:SS 
Delivery Cycle Time 0.093 5.56 0:05:34 
Lead Time 0.13 8.00 0:08:00 
Takt Time 0.1 6.2 0:06:12 
 
The work hours represent the theoretical quantity of work hours that occur in a 
work day. Breaks account for the time used for the tower crane operator to use for a 30-
minute unpaid lunch break as well as a paid 20-minute break. Available hours, is the 
actual amount of time that is meant for actual work and labor in the work day towards 
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completing the construction project. It should be noted and stated that during this study, 
idle time is defined as any instance that the tower crane is not moving, not delivering 
material, performing a task other than delivering material, creating a lack of material 
flow, or all of the above. This figure is a result derived from an average of times from the 
collected data and based on a per day occurrence. In the team’s study this idle time was 
composed of random idle time, time used for supporting material off the ground while the 
rigging crew processed the material, and miscellaneous tasks that provide non-value to 
the overall process. 
Based off the current state delivery cycle time, the available throughput is the 
ideal theoretical quantity of material that the tower crane should be able push or deliver 
through the system. The actual throughput is the real-time amount of material it delivers 
in the process and its observed performance in its current state. The delivery cycle time 
begins the instance the tower crane starts to position itself to load the hook crane and 
ends at the instance material is loaded off the hook crane. The process lead time, is the 
time beginning when the request for material is made to when the material is delivered. 
The design team believes that by improving the current state process, the selected 
metrics and key performance indicators will be the primary method to quantify any type 
of significance as seen in Table 8: Metrics and Key Performance Indicators. Efficiency is 
the actual throughput divided by the theoretical throughput. In the current state efficiency 
is 100*[(49 units/day)/(77 units/day)] = 63 %. Utilization is found by taking the actual 
work hours divided by the available work hours and can be calculated to be [(5.39 
hr/day)/(7.2 hr/day)] = 75 %.  Productivity is outputs divided by inputs. This calculated to 
be (49 unit/day)/(7.2 hr/day) = 7 unit/hr. Actual throughput will be the key performance 
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indicator that will quantify the performance of the tower cranes impact in the 
construction crane process. It is the hope of the design team that using these metrics will 
assist to benchmark, improve, and sustain any type of future improvement in the overall 
tower crane material delivery process. 
 
Table 8: Metrics and Key Performance Indicators 
Efficiency 63% 
Utilization 75% 
Productivity 7 Units/Hour 
Actual Throughput 49 Units/Day 
 
Analyze 
 The project team began the analysis stage by examining basic statistics (Figure 3) 
and histograms (Appendix B: Histograms for Each Tower Crane Operation) for the data 
collected for each tower crane operation. This would allow the team to observe any 
noticeable variation in the current process.  
 
 
Figure 3: Basic Statistics 
Basic statistics were taken for each tower crane operation. 
 
The large standard deviation of the operations “Rig Material to Crane”, “Unrig 
Material”, “Support”, and “Idle” reveal significant variation in the sample data. Due to 
the nature of how data was collected, this variation may be a result of inconsistent data 
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recording. The design team was only able to record data on certain days of the week due 
to travel and location constraints. However, due to the sample size of each set of sample 
data, this variation may also be an indicator for inconsistent procedures within the tower 
crane operation. In comparison, the operations for “Position Crane for Load” and “Move 
Material” seem to fit a normal distribution making the process more predictable. This is 
most likely due to the constant rate of travel speed of the tower crane with variation being 
a result of human error. The histograms for the rest of the crane operations can be 
referenced Appendix B: Histograms for Each Tower Crane Operation. 
If the variation in the operation derives from factors within the tower crane 
delivery process, by using a pareto chart, the large contributors to the variation may be 
focused on and analyzed. 
 
Pareto Chart  
The breakdown of these operations is shown in a pareto chart (Figure 4), and 
illustrates that the large contributors to time are the “Support”, “Rig Material to Crane”, 
“Move Material”, and “Position Crane to Load” tower crane operations. For simplicity, 
the tower crane operations of “Move Material” and “Position Crane to Load” will be 
referred to as tower crane movement or motion. With the identification of possible 
sources for inefficiencies and waste, the team needed to investigate why and how the top 
80% of the time contributors in the pareto chart were related to the tower crane’s 
inefficiencies.   
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Figure 4: Pareto Chart 
This pareto chart shows the breakdown of the operation. 
 
Value Stream Analysis 
In order for the project team to identify if any of the 8 forms of waste were 
present in the system, a value stream map was developed and can be seen in Appendix 
C: Value Stream Map. The value stream map is a lean charting tool for analyzing the 
current state and designing a future state for the series of events that take a product or 
service from its beginning through to the customer. The value stream map illustrated the 
current process specifically for delivering reinforcing bar. By analyzing the value stream 
map, it was established by the operation times and the complexity of the current process, 
that there is excess amount of movement by the crane. With justification from the pareto 
chart and value stream map, rigging played a huge factor in time contribution in the day 
to day operations. 
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Forms of waste are known as transportation, neglected resources, inventory, 
motion, waiting, over processing, over production, and defects. Examining the value 
stream map, waste takes the form of waiting time and over processing caused by delay in 
rigging material to the crane hook, excess motion of the tower crane trying to position 
itself to the load and unload material, and waiting time due to the tower crane supporting 
or lifting a piece of material while ground workers process it.  
 At this stage in the analysis, inefficiency is defined as the lack of material flow 
through the system. In its current 10-day cycle, the crane is considered efficient as long 
as the crane keeps delivering material from one location to another. Any instances that 
the tower crane is performing a task that deviates from delivering material, such as in the 
case of the “Support” operation, the tower crane is being inefficient. Another instance of 
inefficiency is when the crane is randomly idle without any material loaded onto the 
hook.  A delay in material delivery due to setbacks in the “Rig Material to Crane” 
operation will also be considered a form of inefficiency.   
Due to the lack of a scheduling system, Webcor’s second form of inefficiency is 
negligible. Since there is no formal schedule to follow or time blocks for certain types of 
material requiring crane use in the current study, then in the occurrence of any unplanned 
or unscheduled delivery in the 10-day cycle has no effect to the current tower crane 
operation, specifically to operations in the 10-day cycle. This cannot be said for the 6-day 
cycle time. This analysis is constrained only to the 10-day cycle and would require a 
study into a construction site using the 6-day cycle. Currently Webcor’s first and third 
form of inefficiency, referenced in Table 1:  Possible Forms of Tower Crane 
Inefficiency, are considered probable. 
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Root Cause Analysis 
With forms of inefficiencies and waste defined, the design team needed to seek 
the root cause. The team began its root cause analysis with a cause and effect diagram. 
The cause and effect diagram (Figure 5) allowed for the team to pinpoint any and all root 
causes that could be sources to forms of inefficiency, by separating the source for cause 
by category. These categories were people, environment, machine, materials, methods. 
The cause and effect diagram highlighted root causes that were variable and out of the 
team’s control, to causes that could be approached and contained.  
 
 
Figure 5: Cause and Effect Diagram 
This diagram helps to pinpoint any and all root causes that could be sources of inefficiency 
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Causal Tree Analysis 
The causal tree analysis allowed for a 5 whys analysis to be conducted in order to 
find the root cause to the established forms of waste and can been seen in Appendix D: 
Causal Tree/5 Whys. The results of this analysis can be seen in Table 9 below. With the 
root causes discovered and defined, the design team could develop possible solutions that 
can possibly result in the elimination or reduction in waste. 
 
Table 9: Results of the Causal Tree Analysis 
 
 
Improve 
With the root cause of waste identified, the team established possible solutions 
through the team’s discussions with technical advisors, industry experts, and analysis of 
the data. Listed in Table 10, are possible solutions that would assist in the reduction of 
waste and aim to improve metrics and key performance indicators. 
 
Table 10: Solutions 
Kanban Spaces with 6S 
Tower Crane Scheduling with BIM Modeling 
Waste
Tower crane takes 
long time to get into 
position to load and 
unload
Root Cause
No primary location on 
ground or structure for 
material to be loaded 
and unloaded
Waste
Rigging material to 
crane hook takes a 
long time
Root Cause
Lack of forecasting or 
scheduling system to 
preemptively predict 
material delivery
Waste 
Tower crane has to 
support large pieces of 
material in place or off 
the ground for a large 
amount of time
Root Cause
Lack of specialized 
equipment or not 
enough manpower to set 
material in place 
efficiently
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Additional Resource Allocation 
 
Kanban with 6S 
The value stream map revealed that movement and motion of the crane, 
contributed largely to the current cycle time. The Kanban with 6s design aims to increase 
throughput by reducing cycle time. By introducing kanban spaces to the construction site, 
movement and motion of the tower crane can be reduced. As shown in Appendix E: 
Improved State Visual Stream Map the improved state visual stream map, the process for 
material delivery would change, by converting into a pull system.  
Kanban spaces are designated spaces marked on the ground for the purpose of 
placing material that needs to be delivered in a centralized and local location on the 
ground and structure. These spaces would require material to be placed within them 
signaling to the crane that delivery of the placed material is required. When the kanban 
space becomes empty, this signals the rigging crew to fill the empty space with material 
that needs to be delivered. Material would be moved by the use of a construction forklift. 
This would ensure material is always available for the tower crane to deliver and would 
be driven by the need of the crane.  
This solution would also implement 6s and drive for organizing and sorting the 
material in the surrounding area as well as sustaining safety. Kanban spaces have the 
advantage of being easy to learn for the labor force, being easy to implement, and being 
low cost. The main risk involved is that improper implementation and use of the system 
could result in little to no impact.  
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The model showing in Figure 6 is an overhead layout of the construction site and 
illustrates the modeled design of the kanban rigging zone. The large rectangular shape 
towards the right is the building that is under construction with two cranes specified by 
the color yellow and white. Towards the upper left corner is where the layout of the 
kanban rigging zones would ideally be located. The size and shape of the kanban zones is 
based on their purpose and priority such as what type of material needs to be rigged. 
Kanban 1 is mainly for large pieces of equipment or material, such as large pieces of 
formwork or rebar. Kanban 2 is used for medium objects and materials such as trash bins, 
portapotties, and column formwork. Kanban 3 is used for small objects such as welding 
equipment and mobile jibs. Kanban 4 would be for miscellaneous objects such crane 
attachments used to move larger form work that require a specialized hook attachment.  
 
 
Figure 6: Overhead Layout of Construction Site 
This illustrates the modeled design of the Kanban rigging zone. 
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The order and priority system for how the crane positions over which material to 
load would flow from Kanban 1, 2, 3, 4 in a clockwise motion. As an example scenario, 
if all kanban spaces are filled, the crane would pick up and deliver the material in kanban 
1. Seeing the empty kanban space, the ground crew will mobilize to fill that empty space 
with material to have ready to deliver. After the crane delivers the material from kanban 
space 1, it would return and position itself over kanban space 2. It would continue this 
process until the crane comes full circle to kanban space 1. 
Table 11 breaks down the total costs of kanban spaces, without considering the 
time value of money.  Materials include an industrial strength tarp that would be the 
physical kanban space to be put in place with the use of steel rod stakes on the 
construction site floor and organized with the use of tape to split the space into kanbans 
1, 2, 3, and 4. The training assumes overtime hours for the tower crane operator, the 
riggers, and the forklift driver.  The biggest drivers in costs for this design are the forklift 
driver and vehicle rental. 
 
Table 11: Total Costs of Kanban Spaces 
Initial Investment 
Material Training 
$400 $742.50 
Monthly Investment 
Forklift Monthly Rental Forklift Driver 
$2000 $2250 
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Scheduling System 
The causal tree analysis revealed that the lack of a forecasting system and 
standard operating procedures resulted in over processing and waiting time for rigging 
material to the crane hook. Without having riggers preemptively knowing what material 
needs to be delivered, certain types of material did not have lifting slings attached, 
therefore they were not ready to be loaded to the crane hook. A new scheduling system 
for the 10-day cycle would aim to increase throughput and reduce rigging waiting time by 
accurately forecasting material delivery. Knowing what material riggers will be working 
with, can assist in the selection or development of standard operating procedures, if none 
currently exist.  
The tower crane has no formal scheduling in the 10-day cycle and uses an Excel 
spreadsheet in the 6-day cycle. The 3 most prominent types of BIM modeling are 3D, 4D, 
and 5D. 3D BIM modeling models the building, 4D adds the dimension of time to the 
equation and 5D adds the dimension of money. Introducing a formal scheduling and 
forecasting system through the use of a 5D BIM software, would provide accurate 
scheduling forecasts to prevent rigging delay time and could potentially increase tower 
crane efficiency by reducing tower crane idle time. A new scheduling system has the 
advantage of adhering to a strict schedule and reducing otherwise necessary overtime 
hours. The biggest drawback of this design alternative is the initial time and capital 
investment required. BIM modeling can be very expensive, and requires a specialized 
worker who is well versed in the software to create the model.  Rough cost estimates of 
those expenses are below. With the assumption that the construction of a high-rise 
condominium is estimated to cost $500 million in the Downtown Los Angeles area, and 
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5D BIM models are projected to cost 0.2% of the project’s cost, an estimated initial 
invest is $1 million.  It should be noted that this 0.2% estimation includes software, 
hardware, personnel, training, and learning curve. 
 
Additional Resources 
As shown in the pareto chart, the tower crane has long periods of time that the 
crane supports a material in place or off the ground for rigging crews or carpenters to 
process. The cause and effect diagram revealed that people and equipment are the main 
contributing factors in the “Support” operation. With a lack of space for specialized 
equipment, such as a column jib or derek, and lack of additional labor, such as carpenters, 
whose job it is to fasten the formwork, the limiting resource was labor. By implementing 
additional resource in form of carpenters, the project team sought to find a way to reduce 
the cycle time by reducing the time the tower crane spends on supporting a piece of 
material. The material that the tower crane most often supported was large pieces of 
formwork and reinforcing bar. This led the project team to consider adding additional 
workers to the site.   
From a different perspective, the team considered increasing throughput by 
assisting the tower crane with the use of specialized equipment that would perform the 
“Support” operation and relieve some of the workload from the tower crane to reduce the 
time that it spends on the “Support” operation. The project team sought different types of 
equipment that could assist the tower crane in its workload, however, due to the spacing, 
work environment, and lack of a stable surface on the structure, no viable equipment 
alternatives were discovered. As a result, allocating additional workers instead, could 
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prove beneficial in increasing throughput. Allocating additional resources to the 
construction site also provides a safety net to the operation if the project falls behind 
schedule by increasing the capacity of the overall construction system, and increasing 
utilization of the tower crane by reducing idle time. There is however a possibility that 
the cost of adding additional crews may outweigh the cost of overtime and increase direct 
labor cost.  Although there is no initial investment; hiring an additional 3 carpenters cost 
$9450 a month.  This number comes from 3 carpenters each making $21 an hour, 
working 7.5 hour days, 4 weeks a month. 
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Chapter 4: METHODS 
 With lack of actual implementation for any of the design solutions, the design 
team used Simio, a simulation program, to model each design solution. The following 
simulation designs are simple in nature and only consider material flow and delivery 
traveling from the ground to the structure. In reality, the tower crane may sometimes have 
to deliver material from the structure to ground. The simulation will also not model 
delivery of material picked up from the ground level to another location in the 
construction site that is ground level. The same can be said about material picked up from 
the structure and delivered to another part of the structure.  In order to the create the 
model, the raw data was used to develop three types of time distributions that would 
direct the process logic in order to simulate the current state as accurate as possible. In 
order to accurately simulate the current state, the raw data was analyzed and had multiple 
tests for “distribution best fit” performed in order to verify if the data fit any type of 
known statistical distribution. These distributions are listed in Table 12. 
 The raw data used for the interarrival time was found by first observing the times 
recorded for a material that was being delivered. Each delivery consists of having 
recorded times for each of the crane operation performed, such as “Position Crane to 
Load”, “Rig Material to Crane”, “Move Material” and etc. Once the times for each 
operation has been observed a sum of the times is taken. This results in the total time 
each delivery required from beginning of the delivery process to the end. This was done 
for each of the 116 unique delivery data points in order to create a new set of data. What 
followed next, was the implementation of an individual distribution identification test 
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with the use of a statistics software package called, Minitab. Once it was revealed which 
distribution the data set fit best, it is input as the process logic for the interarrival time.  
Similar steps were performed for the time distribution used for the processing 
time. For processing time a new data set was created by only using every recorded time 
for the crane operation “Rig Material to Crane”.  An implementation of an individual 
distribution identification test with assistance of Minitab, a statistics package software, 
was then used. Once it was revealed which distribution the data set fit best, it is input as 
processing logic for the processing time. The same steps were performed for “Transfer-In 
Time” and “Desired Speed”. 
 
Table 12: Time Distributions 
Process 
Logic 
Description Distribution 
Fit 
Tower Crane 
Operations Data Set 
Interarrival 
Time 
The time distribution in seconds 
that dictates the interarrival time 
between delivery. The time it 
takes for new material to arrive 
into the system   
Pert 
Distribution 
Sum of all tower crane 
operations per unique 
material delivery 
Processing 
Time 
The time distribution in seconds 
that dictates the random 
variability in rigging times 
Pert 
Distribution 
Recorded time for 
tower crane operation 
“Rig Material to 
Crane” 
Transfer-
In-Time 
The time distribution in seconds 
that dictates the random 
variability in unrigging times 
Exponential 
Distribution 
Recorded time for 
tower crane operation 
“Unrig Material from 
Crane” 
Desired 
Speed 
The time distribution in seconds 
that dictates the travel speed of 
the material in the system 
dictated by the speed of the 
tower crane 
N/A Recorded time for 
tower crane operation 
“Position Crane to 
Load” and “Move 
Material” 
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“Objects” in the simulation model are used as representations of events that take 
place in real time. For this model a source, server, and sink will represent tower crane 
operations and will be defined in the Table 13 and what type of distribution the time data 
set fit best. Measurements taken during site visits and observations were taken in order to 
illustrate distances for the material to have traveled. 
  
Table 13: Simulation “Object” Definition and Representation 
Object Definition Representation Sim. Model Name 
Entity A default entity definition 
for your project 
Represents material in the system 
that is being delivered by the crane  
Material 
Source A source object may be 
used to generate entity 
objects of a specified type 
Represents the source from where 
material enters the system. Dictates 
the interarrival time of material 
EntrSrc1 
Server A server object may be 
used to model a process 
defined by a processing 
time 
A server represents a location 
where material is picked up from. 
Processing time when material 
enters the server represent the 
rigging process 
Srv# 
Sink A sink object may be used 
to destroy entity objects 
that have finished 
processing in the model 
Represents the location on the 
structure where material needs to 
be delivered to. Transfer in time 
represents the unrigging process 
Sink# 
 
The entire model, was created by using Simio’s input design capabilities and 
building options, such as creating surfaces and walls. The model was created based on 
observations collected from site visits. It was created to be as accurate to the real site as 
possible. 
Figure 7 illustrates the current state model. The multiple servers, represent the 
observed areas that are most common for where the tower crane picks material up. The 
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sinks represent the observed area that are most common for where material was delivered 
to.  
 
 
Figure 7: Simulation of Current State 
 
Figure 8 illustrates the location of the servers and sinks around the construction 
site. The lines leading from a server to a sink is the travel path of the material. The paths 
portray the real life measured distance in order to give accurate results. For the current 
model, the time distributions are shown in Table 14. The times used to describe the Pert 
distribution is the minimum recorded data point, the mean of the data set, and maximum 
recorded data point. The times used to describe the Exponential distribution is the mean 
of the data set used. 
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Figure 8: Overhead Image of Current State 
Illustrates the locations of servers and sinks around the construction site. 
 
Table 14: Time Distributions Used for Current Model 
Object Process Logic Distribution 
Entity Desired Travel Speed 1.5 mph 
EntSrc1 Interarrival Time Pert(58, 275, 2584) seconds 
Srv1, Srv2, Srv3, Srv4, Srv5 Processing Time Pert(10,101.93,863) seconds 
Sink2, Sink3, Sink4 Transfer-In Time Exponential(158) seconds 
 
Simulation with Kanban Spaces and 6s 
For simulating the implementation of the kanban spaces with 6s, the project team 
is assuming processing time in the servers is made less variable and faster due to proper 
control of material flow and as a result a faster interarrival time. Table 15 shows the 
change in time distributions used for this design. 
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Table 15: Time Distributions Used for Kanban Spaces Model 
Object Process logic Current State Distribution 
Improved State 
Distribution 
EntrSrc1 Interarrival 
Time 
Pert(58, 275, 2584) 
seconds 
Pert(58, 275, 2000) seconds 
Srv1, Srv2, Srv3, 
Srv4, Srv5 
Processing 
Time 
Pert(10,101.93,863) 
seconds 
Pert(10,100, 400) seconds 
Sink2, Sink3, Sink4 Transfer-In 
Time 
Exponential(158) 
seconds 
Exponential(158)seconds 
 
Figure 9 and Figure 10 illustrates what the model would look like if the 
construction site implemented the use of the kanban spaces with 6s design. As pictured, 
instead of having several locations for the crane to move and position itself over to pick 
up material, the kanban system focuses on centralizing a local area on the ground and 
structure for the crane to pick material up. In this design model, the distance between the 
pickup location (servers) and drop off area (sinks) are shorter. 
 
Figure 9: Simulation of Kanban Spaces 
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Figure 10: Overhead Image of Kanban Spaces 
Illustrates the locations of servers and sinks around the Kanban construction site. 
 
Simulation with A 5D BIM Model 
 The implementation of the 5D BIM modeling does not incorporate any change in 
construction site layout (refer to Figure 7). Instead it focuses on making changes in 
object time distributions based on their possible contributions in improvement. 
For simulating the implementation of a 5D BIM model, the project team is 
assuming processing time in the servers is made less variable and faster due to proper 
material delivery planning and as a result a faster interarrival time. Table 16 shows the 
change in time distributions used for this design. 
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Table 16: Time Distributions Used for 5D BIM Model 
Object Process logic Current State Distribution 
Improved State 
Distribution 
EntrSrc1 Interarrival Time Pert(58, 275, 2584) 
seconds 
Pert(58, 275, 1500) 
seconds 
Srv1, Srv2, Srv3, 
Srv4, Srv5 
Processing Time Pert(10,101.93,863) 
seconds 
Pert(10,100, 300) 
seconds 
Sink2, Sink3, 
Sink4 
Transfer-In Time Exponential(158) Exponential(158) 
 
Simulation with Additional Resources 
The implementation of additional resources model does not incorporate any 
change in construction site layout as well (refer to Figure 7). Just like the simulation for 
5D BIM modeling implementation, it focuses on making changes in object time 
distributions based on their possible contributions in improvement. 
 For simulating the implementation of additional labor on the structure, the project 
team is assuming 20 % decrease for transfer-in time causing the data set in the sinks is to 
be less variable and faster due to more labor-hours being input into the system as well as 
reducing interarrival time. Table 17 shows the change in time distributions used for this 
design. 
 
Table 17: Time Distributions Used for Additional Resources Model 
Object Process logic Current State Distribution 
Improved State 
Distribution 
EntrSrc1 Interarrival Time Pert(58, 275, 2584) 
seconds 
Pert(58, 275, 2067) 
seconds 
Srv1-Srv5 Processing Time Pert(10,101.93,863) 
seconds 
Pert(10,101.93,863) 
seconds 
Sink2-Sink4 Transfer-In Time Exponential(158) Exponential(127) 
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Chapter 5: RESULTS AND RECOMMENDATIONS 
Each design had both their flaws and benefits. In order to make any 
recommendations, the team must first examine the results and economic impact, of each 
design. It should be noted that the current state simulation modeled an accurate 
throughput as shown in Figure 11, matching the actual throughput of 49 units/day, 
referenced in Table 6. In order to compare the improved state with the current state, 
throughput will be the key performance indicator used to examine the effectiveness of 
each design solution. 
 
 
Figure 11: Results for Current State Simulation 
  
Kanban Spaces and 6s 
With the implementation of the kanban spaces and 6s, throughput increased from 
49 units per work day to 53 units as shown in Figure 12. This showed an 8% increase in 
throughput. In its current state, efficiency is 63 %. The implementation of kanban spaces 
with 6s increases efficiency to 69 %.  With the reduction of rigging time and movement 
time, this design has the potential to completely eliminate a portion of the idle time 
referenced from Table 5. In its current system, idle time was calculated to be 1.8 hr/day. 
This design could potentially eliminate 0.59 hr/day increasing actual work time from 5.4 
hrs/day to 6 hrs/day. This increases utilization from 75 % to 83 %. Productivity would 
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increase 7 to 8 unit/hour. As shown in Table 18 the design solution improved the current 
state by improving all of its metrics and key performance indicator. 
 
 
Figure 12: Results for Kanban Spaces and 6s Simulation 
 
Table 18: Comparison of Metrics and Key Performance Indicators 
 Current State Kanban/6S 5D BIM Add. Resources 
Efficiency 63 % 69 % 78 % 74 % 
Utilization 75 % 83 % 83 % 83 % 
Productivity 7 Unit/Hour 8 Unit/Hour 8 Unit/Hour 8 Unit/Hour 
Throughput 49 Unit/Day 53 Unit/Day 60 Unit/Day 57 Unit/Day 
 
5D BIM Model 
  With the implementation of the 5D BIM modeling, throughput increased from 49 
units per work day to 60 units as shown in Figure 13. This showed an 18 % increase in 
throughput. In its current state, efficiency is 63 %. The implementation of 5D BIM 
modeling increases efficiency to 78 %. With the reduction of rigging time, this design has 
the potential to completely eliminate a portion of the idle time referenced from Table 5. 
In its current system, idle time was calculated to be 1.8 hr/day. This design could 
potentially eliminate 0.62 hr/day increasing actual work time from 5.4 hrs/day to 6.01 
hrs/day. This increases utilization from 75 % to 83 %. The results of the actual work time 
utilization did not differ much from the kanban spaces and 6s design. Productivity would 
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also increase 7 to 8 unit/hour. However, as shown in Table 18 the design solution did 
improve the current state by improving all of its metrics and key performance indicator. 
 
 
Figure 13: Results for 5D BIM Simulation 
 
Additional of Resources 
Finally, with the implementation of additional resources, throughput increased 
from 49 units per work day to 57 units as shown in Figure 14. This showed an 14 % 
increase in throughput. In its current state, efficiency is 63 %. The implementation of 
additional resources increases efficiency to 74 %. With the reduction of rigging time and 
support times, the project team will assume this design has the potential to completely 
eliminate a portion of the idle time referenced in Table 5. In its current system, idle time 
was calculated to be 1.8 hr/day. This design could potentially eliminate 1.21hr/day 
increasing actual work time from 5.4 hrs/day to 5.99 hrs/day. This increases utilization 
from 75 % to 83 %. The results of the actual work time utilization did not differ much 
from the kanban spaces and 6s design. Productivity would also increase 7 to 8 unit/hour. 
However, as seen in Table 18 the design solution did improve the current state by 
improving all of its metrics and key performance indicator. 
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Figure 14: Results for Additional Resources Simulation 
 
The results of the model may not be the most accurate due to the assumptions 
made in order to test the design solution. Although, throughput increased in all design 
solutions, the lead time in each design increased as well. In the current state, lead time is 
8 minutes per material delivery but regrettably, each design gave an output that was 
larger than that. This figure was not expected, considering that increase in throughput 
would indicate reduction in overall process lead time. 
 
Comparing Costs 
Looking at the cost effectiveness for each design reveals that kanban spaces 
would be the most effective followed by additional resources and 5D BIM modeling, 
respectively.  In Table 19, Future Value was calculated with a 10% interest rate, and Net 
Present Value was calculated with a 10% discount rate.  Both were calculated over 6 
months and were compounded monthly. 
  
Table 19: Cost Effectiveness of Solutions Modeled 
 
Initial 
Investment 
Monthly 
Investment NPV FV 
Kanban Spaces $1,142.5 $4,250 $26,121.42 $27,454.99 
BIM Modeling $1,000,000 $0 $1,000,000 $1,051,053.31 
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Additional 
Resources 
$0 $9,450 $55,541.34 $58,376.91 
 
 
 
Multi-Criteria Decision Matrix 
In order select the best solution that best fits the needs of Webcor Concrete 
Group, the designs were weighed against each other in a Multi-Criteria Decision Analysis 
Matrix shown in Table 20 which used the weighted criteria of Cost, Schedule, Safety, 
and Utilization as defined by Webcor. Cost describes whether or not a design is 
considered cost effective. Schedule focuses on negative or positive effect a design will 
have towards improving the scheduling. Safety is the result on how safe the work 
environment becomes with design implementation. Utilization is derived on whether the 
implementation of the solution led to more actual work time and decrease in idle time.  
  
Table 20: Multi-Criteria Decision Analysis Matrix 
Criteria Cost Schedule Safety Utilization  
Weighted Averages 8 9 10 7 Totals 
Kanban Spaces 9 7 6 6 237 
Scheduling 2 9 5 6 189 
Additional Resource 5 6 5 8 200 
Do Nothing 10 5 5 5 210 
 
These criteria were given a rating between 1 and 10. 1 being the worst, 5 
representing a solution has no effect, and 10 being the best. A strong emphasis from 
Webcor is directed towards safety. Preference is then followed by value for schedule over 
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cost. Their reasoning for this was that adhering to the schedule would end up saving them 
money in some shape or form. This was in line with the project teams thought process as 
well, as the designs in the decision matrix all have the potential to help the construction 
site adhere to the project schedule.  Lastly, Webcor values the utilization of the tower 
crane and their other equipment fairly high, but not as much as the metrics discussed 
prior. With guidance of the multi-criteria decision matrix, the design team believes that 
the design for kanban spaces with 6s was the best design when taking into account 
Webcor’s interests and priorities. 
 
Business Case  
According to Webcor, saving 1 day in the 10-day cycle would most likely be used 
to make up for future delay that would cause them to work a Saturday. If they were able 
to make up 1 day on each cycle it would result in the project being turned over early 
saving thousands of dollars a day on material rentals, office costs and added 
manpower. If the cycle was not on schedule, the saved time would result in reduced 
overtime hours which would also be extremely beneficial. 
 
Economic Justification 
To preface the economic justification, the project’s team assumptions need to be 
first stated.  The project team has assumed the 10-day cycle for the project will last 6 
months.  The project team has assumed that an increase in throughput of the tower crane 
will result in an increase in throughput of the construction site.  Lastly, the project team 
has assumed that increasing throughput of the construction site can directly translate into 
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saving a day in the cycle given the increase in throughput is enough to justify the 
reduction of a day. 
 
5D BIM Model 
 Although the 5D BIM model proved to be the most successful result in the 
simulation, the cost of implementing the model is extremely high. Had Webcor invested 
the 1 million dollars required to implement BIM modeling, it would be worth 
$1,051,053.31 at the end of six months. The 5D BIM model increased throughput by 18% 
from 49 to 60 units delivered a day.  That would result in the tower crane being able to 
deliver the same amount of material in 8.2 days.  There are twelve, 10 day cycles in the 
span of 6 months. The increased throughput has the potential to save Webcor at least 1 
day in each of those 10 day cycles.  Given the above future value of the initial 1-million-
dollar investment, saving 1.8 days in the cycle would at the very least need to result in 
$87,588 in total savings per cycle or $6488 saved per hour reduced. 
 
Additional Resources 
 Allocating additional resources was the next successful result in the simulation 
model, which increased throughput by 14% from 49 to 57 units delivered a day. That 
would result in the tower crane being able to deliver the same amount of material in 8.6 
days. Given the future value of $9450 recurring investments over the span of 6 months to 
be $58,376.91, saving 1.4 days in the cycle for this design alternative would at the very 
least have to result in $4,865 in total savings per cycle or $463 saved per hour reduced. 
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Kanban Spaces 
 Although kanban spaces had the lowest increase in throughput in from the 
simulation model, it was also the least inexpensive design alternative excluding doing 
nothing. Kanban spaces increased throughput by 8% from 49 to 53 units delivered per 
day. That would result in the tower crane being able to deliver the same amount of 
material in 9.25 days. Given the future value of kanban spaces at the end of 6 months to 
be $27,454.99, saving 0.75 days in the cycle would at the very least have to result in $407 
saved per hour. Despite the fact that kanban spaces saved the least time in each cycle, its 
cost resulted a smaller necessary savings per hour than the alternatives. Simply put, if 
Webcor can save at least $407 an hour by reducing cycle time, kanban spaces is worth 
the investment economically.  The same goes for the other alternatives, they just require 
higher hourly savings to be worth the investment. 
 
Ethical and Societal Implications 
The goal of implementing the kanban spaces design is to increase the efficiency 
and utilization of the tower crane. Doing so has the potential to reduce overtime hours 
and/or speed up the schedule of the project. However, some workers may depend on 
overtime hours to maintain their lifestyle. On the other hand, reduction of overtime hours 
or speeding up the schedule reduces the environmental footprint produced by the output 
of pollution from the construction site as well as reduce the energy (electricity, gas, etc) 
consumed by the project. This would also have a positive benefit on neighboring 
residents of the site as well as pedestrians. No overtime hours on weekends mean quieter 
weekends and a shorter project means less time neighbors spend living next to a 
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construction site. Additionally, pedestrians would not be inconvenienced or concerned 
with covered walkways, loud noise, and delays when passing by. 
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Chapter 6: CONCLUSION 
  Webcor Concrete Groups usage of the tower crane is currently inefficient. Prior to 
the start of the project they developed forms of inefficiencies that were not directly 
supported by data, but needed to be verified by the project team and are shown in the 
Table 1. The design team was tasked to identify any other forms of inefficiency and their 
root cause, as well as any type of waste.  
The team's investigation revealed that Webcor’s first and third form of 
inefficiency were true, but due to the project team being constrained to only being able to 
study the tower crane in a 10 cycle and without the use of a formal scheduling system, 
Webcor’s second form of inefficiency could not be verified. Through this study, the 
project team developed their own definition of inefficiency. It is defined as instances 
where the tower crane is performing a task other than the delivery of material and halting 
or disrupting the flow of material. The tower crane is only being efficient if it is 
constantly delivering material, whether it is planned or unplanned in the 10-day cycle. 
However, it is not known whether this form can apply to the 6-day cycle, considering that 
a formal schedule is implemented and must be followed. This would require another 
study in order verify Webcor’s second form of inefficiency. 
Throughout the analysis, it was observed that the different types of waste lead to 
different forms of inefficiency. Table 21 below shows the team's findings and depicts 
from left to right, the form of inefficiency, the waste that causes it, a description of what 
is taking place when the waste is created, and its root cause.  
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Table 21: System Wastes and Inefficiencies  
Inefficiency Type of waste Description Root Cause 
Instances where the 
tower crane is in the 
process of 
delivering material, 
either by an 
informal push 
method or by a 
formal scheduling 
system, and the 
material is delayed 
or not delivered at 
all. 
Over-processing 
and waiting time 
rigging material. 
There are instances 
where material 
requires lifting 
slings attached to 
them. When the 
crane becomes 
available and the 
riggers have not 
completed attaching 
the slings, the tower 
crane is forced to 
wait. 
No form of 
scheduling or 
forecasting to have 
material setup and 
ready for the crane 
to deliver. 
Instances where the 
crane is performing 
a task that is not 
delivering or 
moving material 
and starving the 
system by 
disrupting the flow 
of material. 
Waiting times due 
to the crane being 
used to support a 
piece of material. 
Whenever large 
pieces of formwork 
need to be 
supported in place 
while carpenters on 
the ground set it 
place or lifting large 
pieces of rebar 
slightly off the 
ground while 
riggers attach lifting 
slings. This causes 
the crane waste time 
being idle and 
halting the flow of 
material. 
No form of 
specialized 
equipment to 
perform this task 
instead of the crane 
or additional 
carpenters in the 
structure.  
Instances when the 
crane has to travel 
to different location 
around the 
construction site or 
continuously 
reposition itself 
material in order to 
load or unload. 
Excessive motion of 
the tower crane and 
transportation of 
material. 
With material 
located in several 
locations around the 
construction site 
ground level, the 
tower crane must 
move and transport 
material for variable 
distances. 
Lack of material 
organization and 
centralized loading 
and unloading areas. 
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 Throughout the course of the project, many types of waste were identified and the 
team catered the design solutions towards those wastes. The data, through direct time 
studies, revealed that the largest drivers of waste were waiting time and over processing 
for rigging material, waiting time while crane supports materials, and unnecessary crane 
motion during positioning to load or unload. The team kept Webcor’s best interests a top 
priority while simultaneously considering the forms of waste contributed the most 
impactful in creating inefficiency. The end result was the selection of a design solution 
that would best benefit Webcor, kanban spaces with 6s. 
The design solution for the addition of resources addressed the waiting time 
created by the crane supporting material off the ground or in place, which was the largest 
contributor of waste. Although the multi-criteria decision matrix justified that this 
solution did not address Webcor’s priorities, the team believes that there is merit in 
looking further into this alternative because it does address the top driver of waste. 
Additionally, kanban spaces and additional resources each address different waste drivers 
so if both options were to be pursued, they would both remain effective.  
With the identification of waste, there is potential for Webcor or future industrial 
engineering students to develop an in-depth analysis that would solely focus on 
completely eliminating waste that was identified through this study. Perhaps the design 
for a prototype of a specialized jib that could take the workload of the “Support” 
operation task. The 10-day cycle does not use a formal scheduling system, so it might be 
possible to design forecasting or scheduling system that can be applied specifically to the 
10-day cycle.  
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The designs fulfilled the objectives of waste identification and improving key 
performance indicators and metrics. In the overall selection, the kanban with 6s resulted 
in being the most optimal design to be used in waste reduction in the tower crane 
operations. It focused on reducing the cranes unnecessary motion and transportation by 
centralizing pick up and loading areas with the use of kanban spaces and implementing 6s 
to organize material in the surrounding area. Although it did not increase throughput as 
dramatically as implementing 5D BIM modeling or adding resources, it increased and 
improved the metrics and key performance indicators shown previously in Table 18. In 
addition, it was cost effective and fulfilled the criteria specified by Webcor Concrete 
Group. 
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APPENDIX 
Appendix A: Process Flow Chart 
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Appendix B: Histograms for Each Tower Crane Operation 
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Appendix C: Value Stream Map 
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Appendix D: Causal Tree/5 Whys 
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Appendix E: Improved State Visual Stream Map 
 
 
 
 
 
